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Introduction
Over the last decade, the utilization of cross-sectional imaging by computed tomography (CT) has been increasing due to better availability, broader range of examinations, new treatments in oncology, and also medico-legal considerations. 1, 2 Concerns about radiation exposure to the population 3 resulted in numerous technical innovations in the CT industry aiming at reducing the radiation dose, while maintaining adequate diagnostic performance. 4, 5 However, little effort has been devoted to the assessment of patients' awareness, perception and attitude to radiation exposure during CT examination and its associated risks. 3, 6 Scarce data showed that not only patients but also medical professionals have limited insight into the amount of radiation delivered during diagnostic procedures and their debated effect on human health. 3, 7, 8 Communicating the potential hazards associated with radiation exposure and contrast material administration, in addition to the uncertainty of the examination result, contribute to patients' fear. 3, 9 In this study, we assessed patients' evaluation of risks related to contrast-enhanced CT examination and the impact that informing the patient has on their awareness and fear of the examination.
Methods
This questionnaire study was performed in accordance with the Helsinki Declaration and approved by the local Institutional Review Board. Written informed consent was obtained from all participants.
The study was performed in a single tertiary university hospital from May to June 2017. A total of 315 adult patients consented to complete a questionnaire while waiting for a scheduled contrast-enhanced CT examination of the abdomen and pelvis ± thorax. Patients with a physical or visual impairment preventing them from reading or completing the questionnaire were not addressed. The English translation of the questionnaire is in Appendix A.
Apart from questions related to patients' characteristics, we surveyed their awareness about radiation exposure and risks, and their fear of the CT examination. Patients also indicated sources of their information and particular pieces of information they had obtained. Page 2 contained the Zung self-rating anxiety scale. 10 Patients then read the information sheet about the CT examination, including the presence of X-rays and their potential to induce cancer in a small fraction of cases. The risks of contrast material administration (adverse reaction, renal impairment) were explained. The last page of the questionnaire surveyed the way in which the awareness of radiation exposure, risks of CT examination and patients' fear changed. Final questions related to the communication of the examination result.
Finally, a radiologist (LL) reviewed the examination report and marked those with adverse result (disease progression or a major complication).
Statistical evaluation was performed with SPSS v. 19 (IMB Corp., Armonk, USA) using Kendall's tau-b bivariate correlation (τ), χ 2 test and Mann-Whitney U test as appropriate. A p-value below 0.05 was considered significant.
Results
From 315 questionnaires, 263 (83%) were returned completed. Most patients (n = 239, 91%) had previously undergone at least 1 CT examination. Patient characteristics are listed in Table 1 .
In risk assessment, 25 (10%) patients underestimated radiation exposure, 121 (46%) underestimated the risk of developing a secondary tumor and 110 (42%) underestimated the risk of renal impairment (Fig. 1) . After reading the information, the patients generally corrected their evaluation of the risks of carcinogenesis and renal impairment but were more likely to overestimate radiation exposure. Males (τ = 0.16, p = 0.010) and older (τ = -0.11, p = 0.029) Fig. 1 . Assessment of CT-related risks by patients undergoing CT examination before and after being given information about the examination patients and those who had had previous experience with CT examination (τ = -0.21, p < 0.0001) tended to underestimate the risks of radiation exposure more (Table 2) . Patients who had previously undergone CT examinations underestimated the possible impact of contrast material on renal function more (τ = -0.11, p = 0.033). Reading the information sheet confused 6% to 18% of patients, depending on the question. The vast majority of patients (n = 227, 86%) stated that they were not instructed to maintain fluid intake up to 1 h before the procedure. Sources of patients' information are shown in Table 3 . The most frequent source of information was the referring physician (67% patients).
Patients feared the result of the examination more than the injection of contrast material or the examination itself (p < 0.0001, Fig. 2) . Fear of the CT examination was more pronounced in younger (τ = -0.22, p = 0.0003) and female patients (τ = -0.17, p = 0.0009). Patients who had previously undergone CT examinations feared the result of the examination less (τ = -0.17, p < 0.006). After reading the information sheet, 195 (74%) patients reported experiencing greater fear of the examination (p < 0.0001, Fig. 2 ), in particular females (τ = -0.24, p < 0.0001), younger patients (τ = -0.096, p = 0.0048) and those with a higher level of education (τ = 0.143, p = 0.012). Especially younger patients reported increased fear of the radiation exposure and contrast material administration (τ = -0.22, p = 0.0003; τ = -0.14, p = 0.025, respectively). The majority of patients (79%) reported that they had learned new information or had refined their knowledge. None of the patients refused to undergo the examination based on the information presented in the questionnaire. Mean anxiety score rated by the Zung self-rating anxiety scale was 34 points (interquartile range, 7 points), which is within the normal range (20-44 points). There was no correlation between the score and fear of the CT examination, contrast material administration or the result of the examination. Likewise, we found no correlation with fear reported after reading the information, or with the actual result of the examination (25% patients had progression of the disease or a major complication).
Two-thirds of patients stated that they would receive the examination results from the referring physician within 3 days. Most patients admitted that they would be uncomfortable before they receive the result. One-quarter of the patients would like to know the result within 1 h (Table 4) .
Discussion
The first part of this study showed that roughly half of the patients do not evaluate radiation exposure as well as other risks related to CT examination correctly. Patients fear the result of the examination more than the potential risks associated with the examination. Supplying this information results in a better appreciation of the risks, but also increases fear, especially in younger women with a higher level of education.
In this study, patients had better awareness of the radiation exposure with 66% being correct, compared to a study in emergency patients of a younger age conducted by Bauman et al. with 45% 6 or even less in other studies. 3, 11, 12 On the other hand, 46% patients were not aware of the impact of radiation on human health. The risks were underestimated, especially by older male patients with previous CT examinations. Similarly to a study conducted by Singh et al., most participants were not educated about radiation exposure by their referring physician in any way. 12 Our study showed that patients read and tried to comprehend information presented to them by the medical staff in print, which resulted in improved assessment of examination-related risks.
As shown in patients' response to questions about their fear, they believe correctly that the result of the examination has a larger influence on their health compared to risks related to it. The risk of having an adverse result of the CT examination (25% in our sample) is greater than the risk of a severe adverse reaction to non-ionic contrast material (0.04%) or the risk of developing a secondary malignancy decades later (0.05%). 11, 13, 14 After reading the information, patients generally experience greater fear irrespective of their general anxiety level measured by the Zung selfrating anxiety scale. 10 This effect is pronounced especially in younger women who had little experience with CT and therefore may require more counseling.
The information about the examination is primarily delivered by the referring physician (67% of patients in this study), who has a bond of trust and who can provide the patient with an information letter. 17, 18 In a study conducted by Caoili et al., 47% of the respondents were educated about CT by their physicians, and 70% of them regarded this input as important. 3 Although nearly all patients knew that they should abstain from food for 5 h, only 14% were aware that soft drinks are allowed up to 1 h before the examination. This recommendation, which may decrease the risk of contrast-induced nephropathy, should also be pointed out to the physicians. Although information sheets may be distributed among patients (by the referring physicians) with the effect of improving their understanding of CT-related risks, they may lack cognitive reassurance delivered with empathy that would decrease their fear. 15 We believe that when communicating radiation concerns, medical professionals should inform the patients about its presence and reassure them that subtle health risks may be dismissed in the view of a much greater benefit of exposing an important finding that may guide their further treatment. 9, 16 Two-thirds of patients will receive examination results within 3 days, mostly when visiting the physician. In our experience, composing a report with a concise conclusion in a timely manner facilitates patient workflow in a clinical department and reduces the number of phone queries that interrupt work. Unfortunately, under normal circumstances, our department is unable to cope with ¼ of respondents requesting the report within 1 h. 19 However, rapid communication of the examination result would make patients feel more comfortable and might be regarded as an extra service.
This study has the following limitations. It was performed in patients from a single center undergoing 1 particular type of CT examination. Selection of patients may have been affected by convenience sampling bias by not including those who would not cope with the questionnaire. Because of the paucity of similar studies, we were unable to comment on trends in patients' awareness, perception and attitude to contrast-enhanced CT examinations.
Conclusions
More than half of the patients do not evaluate radiation exposure and other risks related to CT examination correctly. Although information sheet improves patients' understanding of CT-related risks, it may lack empathetically delivered reassurance and increase fear especially in younger women with higher level of education and without previous experience with CT. Patients are primarily educated by their referring physicians who frequently fail to communicate important points. Patients generally fear the result of the examination more than potential risks associated with the examination. Most patients would be uncomfortable before they receive the examination result.
